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Introduc7on	
  

PAN	
  over	
  Asia	
  

Peroxy	
   Acetyl	
   Nitrate	
   (PAN)	
   is	
   a	
   thermally	
   unstable	
   reservoir	
   for	
  
NOx	
   that	
   can	
   be	
   transported	
   over	
   large	
   distances	
   before	
  
conver7ng	
   back	
   into	
   NOx,	
   thereby	
   altering	
   ozone	
   forma7on	
   far	
  
downwind	
   from	
   the	
   original	
   source.	
   Satellite	
   retrievals	
   of	
   PAN	
  
could	
   poten7ally	
   provide	
   substan7al	
   informa7on	
   on	
   the	
   fate	
   of	
  
NOx	
  emissions	
  from	
  a	
  range	
  of	
  sources	
  including	
  biomass	
  burning	
  
and	
   motor	
   vehicles	
   and	
   the	
   impact	
   of	
   these	
   NOx	
   emissions	
   on	
  
global	
  tropospheric	
  ozone.	
  PAN	
  is	
  currently	
  poorly	
  represented	
   in	
  
global	
  chemical	
  transport	
  models	
  (CTMs),	
  as	
  indicated	
  by	
  a	
  failure	
  
to	
   reproduce	
   many	
   of	
   the	
   exis7ng	
   ground-­‐based	
   and	
   aircraM	
  
observa7ons.	
  	
  
PAN	
  has	
  previously	
  been	
   retrieved	
   in	
   the	
  upper	
   troposphere	
  and	
  
lower	
  stratosphere	
  from	
  limb	
  observa7ons	
  on	
  a	
  global	
  scale	
  from	
  
Envisat-­‐MIPAS	
   [Moore	
   et	
   al.,	
   2010;	
   Wiegele	
   et	
   al.,	
   2012]	
   and	
   in	
  
biomass	
  burning	
  plumes	
  from	
  ACE-­‐FTS	
  [Coheur	
  et	
  al.,	
  2007].	
   	
  PAN	
  
signatures	
  have	
  also	
  been	
  observed	
  in	
  nadir	
  observa7ons	
  of	
  smoke	
  
plumes	
  from	
  fires	
  by	
  both	
  the	
  Aura	
  TES	
  [Alvarado	
  et	
  al.,	
  2011]	
  and	
  
MetOp-­‐A	
  IASI	
  instruments,	
  but	
  to	
  our	
  knowledge,	
  PAN	
  has	
  not	
  yet	
  
been	
   retrieved	
   in	
   the	
   nadir	
   view	
   on	
   a	
   global	
   scale.	
   	
   Here	
   we	
  
present	
  ini7al	
  work	
  on	
  developing	
  a	
  global	
  PAN	
  retrieval	
  from	
  TES	
  
measurements.	
  

“Polluted”	
  PAN	
  profile	
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  priori	
  variance	
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  Averaging	
  Kernel	
   Summary/	
  Future	
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Diagonal	
  of	
  the	
  a	
  priori	
  constraint	
  
matrix.	
  Variance	
  was	
  calculated	
  from	
  
GEOS-­‐Chem	
  output	
  over	
  Asia	
  in	
  
August.	
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TES	
  coverage	
  for	
  this	
  
day	
  includes	
  global	
  
surveys	
  and	
  step	
  and	
  
stare	
  special	
  
observa7ons	
  

•  With	
  further	
  work,	
  TES	
  observa7ons	
  can	
  be	
  
used	
  to	
  provide	
  informa7on	
  on	
  spa7al	
  
varia7on	
  of	
  PAN	
  in	
  the	
  free	
  troposphere.	
  	
  

•  Expect	
  ~1	
  DOFS	
  for	
  observa7ons	
  of	
  highly	
  
elevated	
  PAN.	
  	
  

•  Cases	
  where	
  signal-­‐to-­‐noise	
  >	
  1	
  are	
  likely	
  to	
  
be	
  few	
  and	
  far	
  between.	
  

•  Aggrega7on	
  of	
  mul7ple	
  observa7ons	
  could	
  
allow	
  improved	
  signal	
  to	
  noise,	
  at	
  the	
  
expense	
  of	
  spa7al/temporal	
  resoul7on.	
  

Future	
  work:	
  
•  Retrievals	
  from	
  real	
  data.	
  
•  Retrievals	
  on	
  global	
  scale.	
  
•  Valida7on.	
  	
  

GEOS-­‐Chem	
  results	
  
courtesy	
  of	
  Daven	
  Henze	
  
(Colorado	
  State)	
  

TES	
  measurements	
  for	
  20080802	
  

GEOS-­‐Chem	
  PAN	
  for	
  20080802	
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Expected	
  signal	
  to	
  noise	
  and	
  interferents	
  
Previous	
  observa6on	
  in	
  boreal	
  fire	
  plume	
  
	
  
Alvarado	
  et	
  al.	
  [2011]	
  had	
  previously	
  observed	
  
PAN	
  in	
  a	
  TES	
  measurement	
  that	
  sampled	
  fresh	
  
smoke	
  from	
  a	
  Canadian	
  fire.	
  Residuals	
  were	
  
fihed	
  using	
  a	
  profile	
  with	
  peak	
  PAN	
  
concentra7on	
  of	
  1.9	
  ppbv	
  at	
  560	
  hPa.	
  	
  PAN	
  
associated	
  with	
  pollu7on	
  from	
  ci7es	
  would	
  be	
  
expected	
  to	
  show	
  a	
  different	
  ver7cal	
  
distribu7on,	
  with	
  peak	
  values	
  at	
  the	
  surface.	
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Simulated	
  spectrum,	
  using	
  
“polluted”	
  PAN	
  profile.	
  
(Peak	
  PAN	
  concentra7on	
  is	
  
~1	
  ppbv	
  at	
  surface.)	
  	
  

Red	
  regions	
  show	
  microwindows	
  
to	
  be	
  used	
  in	
  PAN	
  retrieval	
  

Dohed	
  line	
  shows	
  noise	
  level	
  for	
  a	
  
single	
  observa7on	
  

Simula6ons	
  over	
  Asia	
  

Difference	
  between	
  
simula7on	
  with	
  and	
  
without	
  PAN	
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